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SilTOPSIS 
Dilip Liiargava 
M.Toch. (Modi- ) 

Incd.an Jnstitiito of Toclinclop;'’-, Kanpur 
January 1974 

•'Simulation of an Overhoad Crano System" 


In this stiKly siunlation rao"''cls havo loon 
dovclopod to study tlio utilization of crano s in oai 
overlioad crano system for ono of tlio loading steolplants 
in India. This studi?' is primarily rostrictod to the 
conditioning hair of Ho.il and Structural Mill of Bhilai 
Steel Plant, Tho following throe policies have been 
studied with a vi.ow to incroaso tho utilization of the 
crano s ; 

POLICY A - Tlic whole length of tlio hay under study has 
heon divided into two areas by moans of a platform, 

Each crane is rostrictod to move in ono of tho areas 
of the bay* Tho rails X'^aiting for their removal from 
the nlatfora arc assigned a higher priority as compared 
to tho rails reaching tho platform. 

POLICY 3 - In this policy, both tho cranes are allowed 
to travel 5.n whole of tho bay, ^'nionovcr a crano is 
blocked by the other crano, no transfer of material 
from one crane to tho other is allo'/xod, Tho cranes 
are allowed to move according to one of the following 



I'v-los at tho tiino* of .mtorcrano iiitorforonco : 

(a) Tho loadod crano Is al.lowGcl to novo 
wh.n.G tlio iaovo'iont of the free crano 
is pro-onrptod, 

(b) If both tho crano s arc loadod, tlio crano 
noaror to its dostination is assigned a 
higlior priority for novoiaont, 

POLICY C - In this nolicy also, both tho crano s arc 
o-llovrcd to inoYO in ^fholo length of the bay* Ulionovor 
a conflict occurs botwoon t\ro loaded cranes, the crano 
noaror to its dost?' nation js allowed to move whoroas 
tho ohlior loadod crane's aiovcmont is pro.-omptod. If 
tho intorfornneo occurs botwoon a loadod crano and a 
froo crano, a chock is made to dotomiino whether tho 
pro-oniption of tho froo crano is bettor or tho unloading 
of t]iG loadod crano and tlio loadiog (o'? tlio froo crane 
with tho S0I.10 load is bettor. Using the critoi?ion of 
offoctivo xitilization of those cranes, one of those 
t\ro 'altornativos is soloctod, 

Tho offocts of tho Spi'od of tho crano s as 
woll as tho changes in the layout of tho facilities 
have boon studied with a vj.ow to liiait tho size of 
tho queues fomod at tho cooling beds, tho platform 
and the cooldiig pits. 
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GPSS III has boon used as the pi’crroi-iming 
A conpnter nachago hcis ‘boon nfi + ten for 
systoin. The proposed ;.;ocels have hecn 
and to some orctont validate^ using tbo data 
from Bhilai Stool Plant. 
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1,1 Materials Handling in Steel Ind'i\stry 

A characteristic feature of iron and steel 
making is the great htillc of ra\>/ materials used,- On an 
average for every tonne of finished steel sent out, an 
integrated works takes in atleast 4 tonne of ravr 
materials* Besides a consi.de rahle amount of in-process 
handling, there is an enormous aiaount of material 
transported into and o\it of the riant. Materials 
handling costs, rrobably, account for hJ^glier proportion 
of production costs in a steel nlant tha.n in any other 
'industry. More than one-tliird of the capital investment 
in iron and steelmaking plant is for 'U'.terial handling 
equipments. Thus storage, hapfling and trs^nsport of 
mater.ials can have an important influ.enco on the economy 
of operations. 

The inplant handling costs and external trans*- 
portation costs vary from plant to plant. It depends 
on the scale of operations, layout of tho production 
facilities and modes of transportation provided. In 
many cases the mode of external transportation e.g, 
road, rail, conveyor etc. is solely selected on the 
basis of economic considerations. In some instances the 
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choice is ■predetomiined bj?- factors such as proximity 
to sources of supply or mariicts, and cx.isting communi- 
cations. 

1.2 Materials Handled in Steel Industry 

The materials to bo handled in aui iron and 
steel industry may be classified into four main groups : 

(i) Incoming materials (raw materials, fuels, 
repair raater.ials etc.) 

(ii) In-process transfer of mater j.als 

(iii ) Finished products 
(iv ) ''faste and byjiroducts 
I-"owevor, from the reception of rair materials to 
the dospa.tch of finished products, on an averago, atleast 
10 tonne of materials had to be moved per tormo of 
finished steel. Tliis figure is., based on the single 
handling of the matorio.1. Many a times the same material 
has to bo liandlod a number of times.' Over and above 
that, for a bigger stool plant prodmeing say 2,5 million 
tonne of stool per year, materials handling problems 
increase exponentially, A plant havirg still higher 
production target may be handling and transporting well 
over 1 million tonno of materials per -woeh. The trans- 
port and handling of material for an iron and stool 
plant is obviously a tremendous undertaking. The 
ability to handle materials ifithj.n the riant itself 
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could ultjnntcly bocouo tho priccj.i'cl •'’actor 'which 
liffii-bS the product j.on, 

handling uothods o"’ pol-'cloo undouhtodly offer 
coiisiclcrablo sco-no for j.ir:' roving the overall ocononiy of 
oporati ons. Ivon S'.iall sa,v:Iiigs per tc'^'no of material 
handlorl may wt;ll he wortln/hile vl:oa majyh fiod by vast 
quantities of rax’-r i.iato rials and innujiorahlo products 
whj.cli have to bo handled, 

1,2,1 Incoming and outgoing materials 

The methods of shinping raw materials to the 
plant and. of talcing a^^ray the finished products influence 
the pattern and economics of intornal transport. Once 
roadways or a railX'/a 7 /' s 3 ''stom has been introduced, it 
becomes increasinglif attracti'vo to use it more extensively 
to its 15mit, It is appropriate, tlioroforo, to consider 
briefly the materials iriovomnct to and from the plant 
before examining tho case of handling x^rithin tho works* 

Tho tonnage of raxf materials to be }:s.ndlod is 
obvj.ovisl;/ far greater thaji that o'" the findslxed products. 
This regular high donsito/ traff.ic ’'OtX'ruon the fixed 
terminals offers considerable scope for elaboration and 
refinement of loading and xmloading arrangements, Sxcept 
vrhorc x^rorhs are located x/ithin convej^or roach of a deep 
X'Tator-port or mine, raw raaterialr. a.ro traditionally 
delivcrod by rail, Hox.^evor, there are some jjistances 
of materials, such as llt-ic stone and dolomite v/hich are 
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required i.n relatively snail quantities, being delivered 
by road vehicles, 

Finished products arc generally consigned in 
SKiallor quantities to numerous dostinr.tiori.s. This 
calls for greater flexibility in handling. Provision 
exists for both road and rail deliveries from the despatch 
areas of all the nroduction departments of a steel plant. 
Sconomically advantageous form of transportation can bo 
selected where a choice exists. In moot of the cases, 
this choice is probably dictated more by customers* 
preference and by the physical dimensions of the product 
than by economic considerations. For example, the custo- 
mers near the steel works or without railway sidings 
prefer deliveries of finished products by road transport, 

1,2,2 Internal transport and handling 
(a) Iron and Btoolrnaking raw materials : 

The major handling problem is the bulk handling 
of raw materials to the blast furnace. Iron ore, coal 
etc. are brought to the works by rail. Subsequent distri- 
bution irithin the works is achieved by conveyors. 

Conveyor is advantageous for tho largo tonnage of bulk 
materials at steady rates over relatively short distances. 
In a stool plant tho use of travelling boom-stackers and 
bucket wheel reclaimers are means of stacking and 
reclaiming ironmaking raw materials. Elevators or 
skip-cars are widely used for feeding the mateii.als to 



5 


the furnace bunkers* * » 

• } 

(b) Hot Metal s , 

Hot metal from the blast furnace is traditionally 
transported in ladles on standard~guage rail carriages* 

It involves regular duties for the internal x\rorks loco- 
mo tivos* 

(c) Scrap j 

Scrap is collected and transported in rail vehicles 
of robust construction to scrapyard* 

(d) Ingots s 

Methods of handling ingots from the casting bay 
to the soaking pits are governed to a groat extent by 
theimal considerations. After being cast, an ingot must 
be loft in its mould for a period to freeze before being 
stripped. After stripping, the ingot needs to be placed 
in the soaking pits as soon as possible to conserve 
heat. The train loads of ingots are hauled in their 
moulds to the mill and stripped near bho soaking pits* 

(o) Slag and Rubbish s 

Slag is usually regarded a by-product instead of 
a ■waste material* Metal recovery is also profitable and 
is the reason for processing stceliforks slag* The slag 
handling involves not only the' i*omoval from the furnace 
but also subsequent processing to turn i-f^ into a saleable 
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product. Either road or rail transport is used for 
romoval of steelworks sla.g* 

Rubbish consists mainly of the debris from 
furnace demolition and the stool plant casting onera- 
tions. This is usually dumped manually or by grab cranes 
or by means of a mobile tippler after recovery of metal 
and usable refractoipp brdeks, 

(f) Semifinished rolled products ; 

The inteniiodiatc transfer of semifinished rolled 
products between primary and secondary mills is effected 
mainly by rail transport,' 

1,3 Handling Within A Department 

The various exainplcs of transnort of materials 
so far dealt with have all been concerned with intor- 
dopartnental movements, V/ithin each department, however, 
there t<a]ros place a considerable amount of movoment of 
materials being processed. Such handling is more closely 
associated with the process itself than is inter- 
departmental transport. Accordingly, process needs have 
a greater influence on the moans of handling adopted 
within a department. 

Indeed, the handling costs the:: selves may have 
little or no influence on the choice of that handling 
method which may be dotcimined solely by its effect on 
the process costs. Secondly, the layout may have a greater 
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influence on the choj.ce of equipment thnn the handling 
costs. 

Because of this close association between hand- 
ling, process and layout when considering movements 
w: thin a departnent , it is considered -chat no useful 
generalization can bo formulated by considering handling 
costs in isolation. 

Keeping in view the enomous material handling 
in an iron- and ste.elmalcing plant, the present study has 
been undertaken to evaluate the possibilities of intro- 
ducing rational apn roaches for material handling -oroblems. 
This study is conducted for Bhilai Steel Plant which is 
one of the leading steel plants in India producing over 
2,5 mi.llion tonne of steel ingots per year. It is esti- 
mated that more than 60,000 tonne of materiial is handled 
daily in this plant. 

The large tonnage items such as iron ore, coal 
etc. are usually delivered by scheduled trains. Self- 
discharging dump trucks of 15 to 30 tonne load carrying 
capacity are used for transporting dolomite, lime stone 
etc, 5 tonne r four-wheeled fixed platform to 15 tonner 
eight-^-zheoled fteed platform or trailer type road vehicles 
are used to deliver finished products. Tho transport of 
fluids such as oil and gas by pipeline is a well 
established practice. 
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The Inter-dopartnental flow of aaterials in 
Bhilai Stool Plant is shown in Fig, 1, Tho hloclrs 
roprosoxit the various clepartne nts anf the arrows show 
tho raovG]nent of taaterlal hotween '‘.he clepartnent s* There 
are three production departnents, viy, Ifiro Rod Mill, 
Merchant Mill and Rail and Stmctural lij.ll* Besides 
the products of these production departn.ents, a frac- 
tion of Billet Mill products is a].sc sold in the market. 

As montionod oarlior, materials handling within 
a department itself is quite considerable. Side loaders 
are used exclusively for billet handling in tho billet 
inspection ond dressing shops of Bhilai Steel Plant, 
Straddle carriers arc particularly useful for slab 
handling in outer-stockyards. Transfer rone skids are 
used for bay to bay movomonts. Mobile equipment provides 
greater flexibility in movements but tho overhead crane 
does offer, however, some o.dvantages in being able to 
lift and carry loads over obstriictions. 

Facilities are provided for both road and rail 
delj.verios fraa the despatch areas of all tho production 
shops of Bhilai Steel Plant* Overhead cranes are most 
commonly used for loading the road or rail transport 
facility* As alternatives, fork trucks, side loaders and 
straddle carriers offer advantages of mobility but ■ 
require more space to manoeuvre* Overhoad cranes working 
in conjunction with mobile equipment may be advantageous 
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roaliGtio inocicl of the ovorhoncl crano S3'‘stG;j, tlio 
process a.nd tl-e systoLi hnliavioii.r have hno.n st’aclicd 
critically. Certain assumptions (cliscii ssod in 
Section 3,1) ho.vo "ooon int:'’oc\icoc’’ to hnlr in tiio struc~ 
taring of fio simulation molol. The ''icvclopmcnt of the 
sjjiiulation moclols c.ncl the r'ocigii of siunl'ition runs is 
dealt id. til in Cii'irtGr III. 

The systOKi i.s analysed and the ro .suits arc 
reported in Chapter IV, The discussion o]i the rosults 
ohtainod i. s also given in tho sruno Chapter, A fow 
comments on the acceptance and. i mplomontation of tho 
rosults, thn possibility for the complete o.utomization 
of tho rails-handling system and thn scopo for further 
research arc given in Chapter V, 
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STUDY OF THE S YSTI!:'! TJIDBR IIIVIiSTIG ATIOIT 


2,1 Introduction 

According to fourth Five 3rGar Plan, out of the 
target total production of 14,8 million tonno of ingot 
stool nor year, Bhilai Stool Plant uill contrihuto 
production of 3.2 million tonno of ingot stool por 
year. At prosont Ehrlai Stool Plant produces 2,5 million 
tonno of ingot stool por year. Stool halanco chart for 
Bhilai Stool Plant is shown in Fig. 2, 

The Rail and Structural hill of Bhilai Stool 
Plant (Fig.3) is designed to produce 0*75 mj.llion tonno 
of finished stool products por year. A fraction of 
ingots rolled in Rolling Mills is transfer rod to Rail 
and Structural Mill in tho form of blooms. To avoid 
flocks, all tho rail blooms are charged into tho heating 
fumacGs (continuous t^'^go double row, end discliargo - 3 
in number). These rail blooms when hot aro rollod first 
through one roughing stand (2-high rovorsiblo typo), 
then through two finishing stand (3-high) in number of 
passes and finally through 2-high finishing stand in a 
single pass. Completely rollod rails aro then cut whilo 
hot by circular disc saws into piocos of desired length 
and each length is marked by stamping machine . 
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After cutting and riiarlcinr, tl^o rails are 
conveyed on roll table to cofc>13ng beds. From here the 
rails raado of ’open hearth furnace’ steel, once again 
to prevent formation of flocks, are talcen to unhoated 
pits by cranes where they are subjected to slow cooling 
for about 7 to 8 hours. The slowly cooled rails are 
removed from pits by means of cranes a.nd are placed 
either on a bed from where they are transferred one by 
one to the roller type straightener or to the scrapyard 
where from they are sold in open j'.iarhot. This choice 
of destination depends on the test reports from the 
mechanical and metallurgical laboratories. After 
straightenn’.ng^ the rails are sent for finishing and 
inspection. The good raj.ls arc then transferred to 
warehouses or loaded on flat-cars^ others are sent for 
fur the r conditioning • 

2,2 System Under Investigation 

This section describes the overhead cranes 
system in the E~C bay (conditioning section) of Rail 
and Structural Hill to bo studied, 

A pair of overhead cranes equipped with rigid 
guides and special high temperature electromagnets are 
required to span the whole area of B-C bay under study. 
This portion of the bay is 350 metros in length and 
30 metres across. The following are the specifications 
for the cranes used in this bay : 
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Average linear speed of the cranes hridgo 
Average cross speed of the cranes cab 
Upward/ downward speed of the cranes hook 
Lifting capacit 3 ;' of the cranes hoisting 

gear 

Height of crane wa^/s above the level 

of ground 

Useful lifting capacitor of the cranes 

Span of the cranes bridge 

Length of the cab travel on the br.-idgo 


=155 met re s/m inu to s 
= 61 metre s/minutes 
= 15 metro s/minute s 

= 35,4 tonne 

= 6,0 metres 
= 15 tonne 
= 28 metres 
= 24 metros 


The rails, after being cut and Liarlcod while 
hot, are convo 3 '' 0 d on roll tables to the fourth cooling 
bed and subsonnontl^/ to third, second and first cooling 
bods. At the cooling bods the rails are turned over to 
got them with thoj.r base down and bundled, Uach bundle 
comprises of 10 rails. The rails wliicli aro cooled to 
a temperature of about 550®C aro taken in bundles by 
overhead cranes to the nearest available slow cooling 
pit. 

There arc 44 cooling pits oafi hee/i-ng a 
capacity for 120 rails. Each cooling pit can accommodate 
rails which aro equal to or loss than 13 metros in 
length. The bundles (10 rails in a row) are separated 
by throe 40 x 40 iTim - square section carbon stool bars 
placed at a distance of 2 to 4 metres from the ends of 
the rail.’ The slow cooling p.1ts of for a reliable 
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niothod of pro vonting f locks in the rails and they 
s.iriiultcaioously serve as an into imedj ate storage space 
before t}io finishing lino* 

The temperature of the rai] s taken from the 
cooling bods and charged into the cooling pits should 
not be less than 550oC for the first throe bundles and 
should not be less than 500«G for the rest. Further, 
the temperature of the loxror rou at the t.1-nic of covering 
the pit should not bo loss than 350»C* 

The rails arc kept in the pits with tightly 
closed covers under prescribed tomporature conditions 
for 7 to 7-|- hours and arc discharged 1/2 to 1 hour after 
the cover is opened* The placing of covers on the pits 
and their removal is done by ovorfioad cranes. 

The test report from mechanical and metallur- 
gical laboratories decides the destination of the rails 
which have boon cooled in the pits. If the report is 
favourable, the rails are taken by cranes to the 
transfer-bods* From hero the rails are fed one by one 
to roller typo stralglitonor which straightens the rails 
along tho piano porpondicular to tho base. Tho 
straightening spool is 1.0 to 1.6 metres per second. 

If tho tost report is not favourable, tho rails arc 
transferred by moans of the cranos to scrapyard from 
vjhoro they are sold in open market. 
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OiiG ci.'.b of 4 Riotros x 4 niotros sizo is availablo 
for usG on each overhead crane, therefore, the hook of 
the cranes can traverse 28-4=24 metros of space across 
the hay. The hridfes of both tho cranes moimtod on the 
same tracks can travel in an ^ast-Wost directioni, Tho 
movement of tho crane is controlled 1 * 3 ?' an operator who 
sits in the cab. The cab can traverse on tho bridge j.n 
the North-South direction. 

The mill runs -for 3 shifts i.o, 24 hours a day 
but the hot hour production is for 13 to 19 hours a day 
whereas tho cranes are in operation for 6 to 7 hours 
during a shift of 8 hours. 

2,3 Problem Formulation 

In the past the labourers in tho Rail and 
Structural Mill have boon requesting t’lo iiianagoracnt 
that in order to cope up with the duct ion requiromont 
of the rails, it is necessary to have a f'ird crane in 
the conditioning soction of the R-C bay of the mill. 
However, the management thinirs that tho ti^ro cranos 
presently installed In this bay are not being utilized 
to their fullest extent. Therefore, tho introduction of 
the third crane is an inappropriate proposition. This 
led the author to bolieve tha.t there is a necoGsity to 
conduct a scientific study on tho crano system so as 
to Justify or contradict tho vievr-points putforth hy 
tho management. 
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Tho ]:)rotlGi:i can bo stated as "to studjr the 
utiliaation of tlio ovorhoad cranes in the existing 
system and to examine nf tie ut.-i 1 i zat.lon of the cranes 
can be imr roved upon by c-dopting a different policy 
for using the cranes or by changing tie laj^out of the 
facilities in the bay”, 

2,4 Reviei’ of farlier Work 

The basic concorits of do signing a mate ideal 
handling system have boon considerably changed in the 
last throe decades. Previously the design of the 
raatoria-ls handling system \nas done mcinly based on the 
G-xporioncos of individuo-l onginoors. ilcircvor, with 
the development of sophisticated tools of Operations 
Re search j Computer Technology and Digital Simulat5_on, 
the vexperj.onco of i.ndividi'.als lias boon replaced by 
scient.ific and rational procedures for solving complex 
problems of materials handling, 

A thorough survey of th.o l-i terai/are indicates 
that no analytical api-roacli has boon so far proposed 
for designing the ovorhoad crane system. This can bo 
attributed to the nontractability of the coraplcxitios . 
of such a system through analytical tools, Howovor, 
in the litoraturc, a fov approaches have been suggested. 
In 1965 Roy and Taha [s] stoulatod tho opera- 
tion of an overhead crane system. They assumed tho 
flow of mato-rial to bo in one direction, A machine 
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is as sumo d to h-avo a noi-r load alxfays rrosont in its 
adiacont in-procoss area. In their model, tho crano 
which starts moving first is allowod to move till it 
roaches its destination and the other crano cannot 
enter tho area between tho former c ranees starting 
position ani destination till tho former completes its 
niovonont. Tho obiectj.vo of this stnd;^ wa.s to find tho 
effect of location of machines and of crane' s speed on 
tho idle time per machine. 

In 1971 Khan il. TJsman T-lj made an attoxiint to 
sininlato tho overhead crano system of 747 plant of 
Boeing Company. He has di.scussed tJio problem of 8 
cranes working in 3 parallel bays and also in tho 
connecting bays. In hj.s model, tho area of movement of 
each crane has boon restricted to a narticular grid 
area, Va,rious rules have boon discussed for assigning 
priorities wiion conflicts occur. Ho considcrod the path 
to bo followod by a particulai' novo to bo fijcod, 

Howovor, no work seems to have boon reported in 
the literature for nato rials handling situations when 
tho flow of matorial is taken to ho in botl^ tho direc- 
tions of movement of cranes. Therefore, in tho present 
work, policies of using cranes having intorcrano inter- 
ference and a policy avoiding conflicts have been 
modelled and simulated for the overhead crane system. 
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2,5 I-Ietliodology Selection 

Before selecting the ..lotliodologyj the reader 
:i s Introduced to the complexity tlio system. The cranes 
in the conditioning sect. ion of the B~C bay of the Bail 
and Structural Mill are used only for handling rails* 

The conflicts are .Introduced when tvro or more cranes 
operate on the sa:ne track. For exaiiple, one crajie is 
travelling from Fast to Mest, tlio crane in '.Jest end 
w.i.ll bo trauped until the foniior cro-ne completes its 
operation and moves Eastward, The situation requires 
checking of existing move, the origin and the destina- 
tion of the cranes movement and the occurrence of 
conflicts to reassign the destinations of the cranes 
moves* Such a tj'pe of operation represents a complex 
queueing situation for which a pure analytic solution 
is not poss.lble, 0:'io of the most poirorful j.ieans of 
handling complex problems which cannot bo solved analy- 
tically, is through the use of * Digital S.imulation' , 

VJhile studying the system at Bhilai, the author 
felt that a total system simulation arproach will assist 
in evaluating the mill resources. Also it would be 
helpftil in forecasting nroblem areas which might arise 

ti 

due to a future roquireinont for an increase in the pro- 
duction or due to tho changes in the rolling progrotiines 
of the iiiill„ Tho re fore, in tho present study digital 
simulation has been selected as the tool for the analysis 
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and dosisn of the ovorhoad cranes systori, 

2,G Prograiii'nln:; Language 

Paving decided 'Digital Sjmiiation' as the 
tool •’^or analjrsing the svsteiii, tlij.s eection dcscrihes 
the reasons for using a special nurposc simulation 
language rather than the more ]-)opular comnutor languages 
like FORTIlhT and ALGOL. A feu snccial facilities are 
commonly needed by a simulatiOii pro grainier. The faci- 
lities are provided by the si'>ecial nurpose simulation 
languages but arc not provided by the high level languagos 
such as FORT’lih and ALGOL, T]io special nrogramning 
facilities needed for simulation studios aro listed 
bo lou : 

(i) Automatic t.imo advance 

The simulation approach, of course, is to work 
out all the movements in time S'^iiuonco and I'ocord the 
occurrences of tho actual states of tlo modol systom 
as tho run progresses. All tlio entiti.is of a moiel 
have to bo moved together so f.'at tlio iiitora-ctions can 
be correctly roprosontod. This pesos a problem because 
of the soquontial nature of computer ca.lc illations. A 
clock has to bo set un recording the model time, and 
all necessary movements simulatod. Tho clock can be 
advanced from event moraont to ovont moment without 
halting at intervening timos when no activity can 
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occLir, since fatiiro events can to rre-timod, 

A computer prorramiinfr language designed 
specially for siixmlation uorlc 5s provided until a "built 
in CLOCK. It is clearly an advantage if a facility 
has Loen provided to advc.nco tnne autorio.tically, once 
all the relevant events have hoon processed, 

(ii) Facilitjes for specifying decision ru.los 

Complex docisn.on rules form an asson.tial part 
of most of the models. A decisnon juIo can bo expressed 
as a rule of choice among a sot of altornatj.vos. It is 
convenient, therefore, to have some t^poe of list struc- 
ture available and they arc available in simulation 
languages. 

(iii) Random sampling facilities 

nearly all simulation models involve taking 
random samples from specified probability distributions. 
Therefore, the simulation langua,go should have a pseudo- 
random number generator. Also it is useful to have 
facilities for inputting a histogram and sampling from 
it, to cnablo empirical data on random fluctuations to 
bo usod whero theoretical distributions arc inappropriate, 

(iv) Facilities for analysing results of runs and 
producing reports 

Tho results of tho simulation runs are normally 
required in tho form of statistical suiamarios of tho 
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iiioan vo.lr.cs and variations of nodol variables. It 
is usefulj thereforo, to have a noaas oiC casil’-' speci- 
fying the vario.bles to bo ro corded, i-’i,-. distributions 
rociuired (nliat intervals etc,), along \'i.tli tlio layout 
of the ro suits as finally printed. 

Such fa.cilities can reduce tb.o nrograoaiing 
effort enormously. Tuo main aur.roacb.os have boon 
adopted to tlio rroblon of loroviding those above-niontionod 
c::tro. facilities* (a) The progrannio package aieproach, 


uliich consists of providing a sot of useful prograniiie 
routines viiich can bo called on by tiie siuuJ.ation 
programmer. The package can bo Witten in one of the 
standard programming languages. The disadvantage uith 
the po.ctzage approach is that the fo.cHities provided arc 
somewhat limited, (b) The langp.age compiler approach, 
which consists of creating a special sinulation progra- 
mming language. The compiler app:;oac]i provides a 
fullor rango of those superior ;'’acll.it:,o s niontuioncd abovo 
as (i) through (iv). This q'proac]! s^iffors from tho 
do foot that it can only bo used on tboso machines which 
have the appropriate compiler. Another point to boar 
an hiind is that a period of several months is needed 
to gain full proficiency in a new p.rogrrrining language 


of this type. 

Considering pros and cons of using a particular 
language for the simulation of overhead crane system imder 
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study, tliG language compiler ai’ip roach has hoGn finally 
docided to uorl-i i-ritli. At I.I.T. Kanpur Computer Conter, 
GPSS III which is a simulation language compiler is 
availallo on the IBII 7044 and therefore, GPSS III has 
boon soloctod. as tho simulation language for this 
study, 

2,7 System Synthesis 

This involves dotomin'-tioh of altG]'‘nativG 
solutions which will satisfy tho statod ob.loctives. 

The following are thn alternative policies for the 
usage of cranes, 

2., 7,1 Policy A ; In this policy the whole length of 
the bay P-C is assimiod to bo divided into two areas by 
nieo-iis of a platform. To avoid intor-crano intorferonce 
complotoly, each crano is rostrj.ctod to movo in one area 
of tlio bay. Hence if the rails arc to bo transferred 
from a place in crane 1 area to a domination in crano 2 
area; tho crano 1 will take the rails urto tho platform 
and drop tho rails there, tlcon the crano 2 will come to 
the platform, pick up the rails and dci.ivor thorn to 
thoir destination. The rails waiting at platfoim aro 
given higher priority for their removal* Various 
positions of tho platforai with different positions of 
tho transfer-bed have been tested using the same model# 
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2,7,2 Polic^i" B : A more gionoral' polr* cy i7ill be the one 
in which both the cranos cro allowed to travel in v;hole 
of tliG bay ojid wlionovcr a crane is blochcd by the other 
cranoj the cranes are allowed to mov^ according to the 
priorities assigned to them. In this wede, for this 
policy the priorities are assigned to the blocked cranes 
according to the following rules ; 

(a) The loaded crane is assigned a higher 
priority than a free crane, 

(b) If both the cranos are loaded at the time 
of conflict, the crane nearer to its 
destination is assigned a higher priori.ty. 

Thus the crane, to which a higher prioj'ity has boon 
assigned, is allowed to move past the other crane's 
position x^rhosG uso has boon -nro-emptod Various alter- 
native locations of the transfer-bod are evaluated to 
dote mine its best location with a vj.ow to have higher 
utilisation of the cranos said at the saio time limit 
the queue contents below a nornj.ssj.blo upper limit, 

2,7,3 Policy C : This policy is more or loss a combi- 
nation of the above two policies. The norns of this 
policy state that ^rhonover a conflict is introduced, 
tost whether both the cranes arc loaded or only one is 
loaded. If both the cranos are loaded at the time of 
a conflict, tho prioritj.os to tho cranos aro assigned 



U 


s-ccording to rrlo (h) of pol?.cv B, If o.ol^^ ono crano 
is loadocl at tho t.1i-io of t>G cor'ILict, i:ho following 
infonnation is gonoratod s 

(i) Tho tiiiio that will olo,pso during novomont of tlio 
loaded crano frori its present posr'tion to its 
dostination and hade is computer, (say t^^) 

(ii) Tho timo roquirod for unloading tho loaded crano 
and thon loo.ding tho .free crane is calculated 

C say t 2 ) 

(iii) t^ is now compared ■'.rith tg. If t^ is loss than 
t 2 ? the free crano’ s novomont .1s pre-empted and 
tho loaded crane is allowed to move past tho 
position of con.flict. Othon:isc tbo loaded crano 
drops the rails on ground and froo crano picks up 
tho rails* Tho destinations arc interchanged as 
tho transfer of load takes place* 

All tho ahove throo policies have l-een mo dolled 
for tho existing layout* '’"ho nocossa?’y data have boon 
colloctod/ohtainGd from the Rail and Structural Hill 
of Bhilai Stool Plant* A numbor of oxporliaonts have 
boon perfonuod on those models c’langing the design 
variables such as shifting tho location of transfer- 
bods, changing the speed of tho cranes. 



CHAPTER III 


Sim ulation hodsl-^of the 


ESTEI4 


3,1 Assiffiiptions 

The following assiii;ipt3o:is a.re iiiale to node! 

the overhead crane system under investigation : 

(i) All the Tunits of Rail and Structural Mill are 
assumed to be contj.nuou.sly active round the clock. 
No alloxv^ance is made for shift changes, failures 
or any other j.nterrLi.ptions in the system. However 
due to mechanical, electrical and gas delays, the 
hot-hour production of rails is assumed to be 
between 5 to 7 hours during each shift of 8 hours, 

(ii) The crane maintenance time is not considered due 
to the non-availability of complete data. It is 
assumed that the whole system is dead if both the 
cranes break down. This is because no new event 
occurs in the system after tlio cranes have broken 
down, 

(iii) The crane operators are assumed to have full 
information about the status of pits. They know 
which one of the pits is ready to be discharged 
and the order in which the pits will become avai- 
lable for discharging* 
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(iv) It is assumed for this analysis that the ■f’reo 
cranes remain at tlic positions vhero they comploto 
thol.r last servico, 

(v) It is assurnod that the cranes start frora and 
stop at miidle of the storage pits, coolj.ng hods 
Gtc, The time tal^cn for crane niovcrnont is the 
maxijnum of the bridge lao^^'ornent time and the time 
tahen hy cah to adjust itself to the correct 
position. This is based on the fact that there 
will be (if needed) sihiultaneou, s r'evement of tho 

cab and tho bridge to attain their exact destination* 

(vi) For tho purpose of this siiiulation, tho loading 
and unloading time for cranes aro assumed to bo 
uniformly distributed* 

(yii)Thc cooling timo required at cooling bods is 
assumed to ha-'X) a normal di.stribution* 

(viii)T}io time required by rails for cooling inside tho 
closed cooling pits is assumed to ho uniformly 
distributed between 6y to 7i- hours*. 

(ix) Tho methods of assigning the cranes to calling 
rails and tho assigni.iont of prioritios to moves 
at the t.tmo of conflict depend on tho policy of 
using the cranes. 

(x) A cooling pit cannot have more than 120 rails. No 
o •'/or charging of pits is allowod. 
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(xi.) The inter- a?? rival tliiio of rails in iiio svstGm is 
assuraod to follou a uniform distribution. 

(xii)Th3 system under study is assumod to bo independent 
of its environment. That is to say, enough rail 
blooms are available to bo fed into the rails and 
structural mill. The finishing section of the 
mill is capable cnougli of clearing the rails off 
tho transfor-i’odS i/oll in time, 

3,2 GPSS Models Dovolopnont 

To help tho reader in understanding the models 
\rhich are presented Inter in this section, a feij defi- 
nitions and sjmibols used in tho models development are 
in order. 

3,2.1 I'Tomenclaturc 

Following is a list of GPSS entities and thoir 
interpretations as used in tho development of the 
models for tho overhead crane system. 

(i) TMIISACTIOH - a unit of traffic in GPOS modol. In 
this modol, this represents a bundle of lo rails. A 
few control transactions have also boon used which are 
either dummy or represent mill control circuit. 

(ii) FACILITY - an entity capable of servicing one tran- 
saction (10 rails) at a time* 
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Facility 1 
Facility 2 
Facilit:, 11 


Crane 1 on the cooling hods side. 
Crane 2 on the scrapyard side. 
Fictitious facility introduced to 
collect the statistics of pro-criiption 
of crane 1 , 


Facility 12 = Fictitious fa.cility introduced to 

collect the statistics of pre-enption 
of crane 2 , 


( iii)STOR/iGE - an entity which 'las multiple ca.pacity 
i#o, it can process more than one transaction at a time* 
Storage 152,3 and 4 = Cooling hods 152,3 and 4 respec- 
tively. 

Storage 11 through 54 - Cooling pits 1 through 44, 
Storage 55, through 90 = Scrapyard sections 1 through 36, 


Civ) LOGIC SI'/ITCII - an entity capable of residing in 
either of tt^ro state S 5 SET or BESET, 


Logic Switch 

Number SET BESET 


100 

Rolling of rails is 
switched off. 

Bolling of rails is 
going on. 

90 

Hot-hour rolling of 
rails is going on 
during a shift, 

i 

Hot-hour rolling is 
off for some tine 
during a shift. 

111 

Crane 1 hook is loaded. 

Crane 1 hook is free. 

211 

Crane 2 hook is loaded. 

Crane 2 hook is free. 
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(v) SAV^VALIIB - a variable clorotod by Xn or indirectly 
addrossod as X*n* 

X1,Z2,X3,X4 = Distances of centres of coolin{^ beds 

3. ,2,3 and 4 re npoctivoly, fron the 
loft edge of 1st cooline bod uhicli is 
tal-.cn as the origin, 

X5 = 25200 seconds 5 mean sorvico time in the 

cooling pits. 

X6 = FI'T2 va3-uo 5 number of hot-hour minutes 
during an S-hour shift. 

X7 = Count for buncles of rails reaching the 
cooling bod, 

X8 = Count for moves starting from rails 
leaving tji.o queue at beds. 

Z9 = Location of centre of transfer-bod 1. 

XIO = Location of centre of transfer-bed 2, 

Xll through X54' = Positions of pits*, centres whoro cranes 

stop to servo dhon, 

X56 through X90 = Positions of rojcctcd ■.•’alls stacks in 

scrapjrard, 

X91 = Initial position of crane 1, 

X92 = Initial position of crane 2, 

XlOO = Life of rail rolls 5 tdiiie up to which 
rolling of rails is done in ono 
rolling prograirimo. 
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XlOl = 


Zlll = 


X112 = 

:ai3 = 


X115 = 

X125 = 

X151 = 

X155 = 

X200 = 

X201 = 

X211 = 

X212 = 

X213 = 


One rolling programme; time up to which 
rolling of rails is off after XlOO seconds. 
Present position of crane 1 at any instant. 
Destination of crano 1 at any clock time* 
Direction of movement of the bridge of 
crane 1 (Xll3 can be +1, -1 or 0) 

+1 means that crane 1 is moving from West 

to East 

-1 means that crane 1 is moving from East 

to West 

0 means that crane 1 is at rest. 

Average linear speed of crane 1. 

Mean cooling time at cooling beds, 

-1, a constant* 

Count of pits whose rails have been 
rejected. 

Clock tjme at which production of rails 
is switched off* 

Clock time in seconds at which production 
of rails is restarted. 

Present position of crane 2, 

Dostination of crane 2, 

Direction of movement of bridge of crane 2 
(Z213 can be +1,-1 or 0). 
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+1 means tliat crane 2 Is movj.ng froia 
llGSt to ^ast. 

-1 means that crane 2 Is moving from 
3ast to West. 

0 means that crane 2 is at rest. 

X215 = Average Ijnear S'ooed of crane 2* 

X300 = Generation time in hours after which the 

test report is received at the cooling 
pits. 

(vi) QUEUE - A group of transactions waiting for a facility* 

QUEUE 1 = Hails waiting at roll table for space at 

cooling bods, 

QUEUE 2 = Rails waiting at cooling beds for the 

availab-llity of cranes, 

QUEUE 3 = Rails waiting at platfonii for the 

cranes (applicable to policy A only) 
QUEUE 5 = Hails after cooling in the pits waiting 

for cranos availability, 

(vii) PARAI-IETSR - One of the tvrelve variables associated 
with a transaction, 

PI = An indicator to show which crane is to be 
pre-empted, 

P4 = Identification of the cooling bod number 
on which rails lie* 

P6 = Identification of cooling pit number in 
^■Jhich rails rest for 7 to 8 hours* 
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P7 = Idont^lfictition of tho soction ntuiilDer 
in scrapyard, 

.P8 = Highost ni-unhorod nit in tin colrunn of pits 

ty tho Dido of wlij ch platfori.i is assumed 
to to existing* 


r9 = Usoi to transfer tlio GPS3 control using 
parai’aotor selection noi'’G, 

0 means that the rails Ourc rG;iGctod from 

Grano 1 area. 


1 means tliat the accoipted rails l.ic in 


PIO 


crane 1 area. 


2 means that the accoiotod rails ].io in 


crane 2 area. 


1^3 mGO.ns that the rolocted rails belong 

to crane 2 area. 


P12 = 100 raoans ’:hat the rails belong to 


crane 1 region* 

F12 5= 200 moans that th"' rails belong to 

craxio 2 region* 


(viii) PIJtTCTIOl'I - permits the confutation of continuous 
or discrete functional relations hotuocn o.n indepondont 
variable and tho dopondont values of tho function, 

(a) FIT! dofliiGS one rolling' prograiivio in hours, 
Ono rolling programmo is tho time betx/Gon 
tvro consecutive starts of- rolling compaigns 
for the rails. This function has boon defined 
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on tho feasis of data colloctod over 
the past 5 years. 

(b) FI'I2 gives in ininutos too time for which 
hot-hour production goos on in a shift of 
8 -hours* 

(c) FN3 evaluates the life of rail rolls xJhich 
in turn decides the time for which tho 
rolling of rails is to Ido done in one 
progracinio. 

(d) MTIO gives normally distributed pseudo-random 
numbers, 

(i:c) AFITn. iFTIC VARIABLES - an arithaotic ox-orossion, A 
nuiiibor of variable definition cards have boon inputted to 
calculate tho movonert tjme of the crrncs from one place 
to other and to compute service time at various bods, pits, 

3.2,2 GPSS Models 

Although tho models have boon developed i/ith 
special roforcnco to the operations of overhead cranes at 
Rail and Structural ilill of BhJ.lai Stool Plant, tho 
analysis is applicable to all stool production systems of 
tho same typo. For this simulation study, one second has 
been selected, as the minimum time increment. Any 
G vent/s which in the real vjorld might occur within a 
fraction of a second are truncated to tho nearest 
integer in tho model. 
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Since nearly 400 GPSS bloc]:s have heen iieel to 
construct t’le various phases of the noclel, on.ly tlie 
.\:nportant features .Instead of ds’i-ajlccl do scr.].rtion are 
given in follo\nlng paragraphs, hocorsa: y comiiients have 
heen put along i^ith the fPSS hloc-is for tetter under- 
standing of the rrograijoe. 

The first hloch .in GPSS rrogrori.iG Is a GG!'IGiLlT3 
hloch. Tills blocl: .is used to create trc.nsac i:io:is i.e, the 
creation of hatclies of ra.lls. The crca'ied transactions 
are then released to the s 3 ''stem after cheching :if 
nroduction of rails is going on. For the released trans- 
actions a Chech is made to r!Gterrii'’ie uhethor hot-hour 
iiroriuct.lon is on or not.. Tf hot-hour n-oduetjon is off 
or stnicturals/si.iqaros are ho.lng rolled, tlio GSTTTR/'iTSd 
transactions are at once TDPJiJI’ATTd. T.t the L.ogic 
S-v:l, teles 100 and 90 are in TdGST and. '-IT luc'dec rosrec- 
t.lvoly, then the rails are holng rolled, A te.st is then 
iiado for t’no availability of spa^'O at •'•ho coolinf; beds. 
Accordingly the transact3.ons eitir. 1 .avo -hEr'S 1 . without 
delay or Jorl.n QUEUE 1 till sraco .Is availahlc at cooling 
bods. These transactions after passing certain amount 
of time at cooling l^ods join QUEUE 2 whore tho 3 r wait 
for tliG availability^- of the FACILITY 1 (crane 1). 

Parameters associated with each transaction 
have boon used to dofj.ne the flow of rail-bundles 
inside the model. For various policies for the movement 
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of tho ovorhoad cranes, separate prograuidos have been 
used. Indirect addressing is used to an advantage for 
writing a coiamon programme for the movei;icnt of cranes 
from various origins to different destinations. Same 
scries of blochs is used to advance tho clock accordingly. 
In following paragraphs, the* GPSS models for tho various 
policies are presented, 

POLICY A : The transactions xdaiting at the 
cooling bods in QUEUE 2 arc serviced by crane 1 on a 
FIFO (first in first out) basis. A tost is made whether 
tho destination-pit (indicated by indirect address P‘6) 
of this transaction is within tho area allox'/od for crane 1 
movement. Parameter P12 associated w;th such transactions 
is ASSIGNod a value equal to 100 showing that those 
rails belong to crane 1 region, 0thorv.n*so the parameter 
P12 is ASSIGNod a value eqiiad to 200 showing crane 2 
region. The present position of crane 1 ( SAYEVi'iUE Zlll) 
is updated by moving tho crane 1 to the calling cooling 
bed and then to tho destination coolplng pit after picking 
up the rails. If parameter P12 equals 200, then the 
SAVEViiLUU Zlll is put equal to ^**8 (position of the 
platform) and tho crane 1 drops tho rails there. Those 
rails ^oin QUEUE 3 and wait for crane 2, When the crane 2 
becomes free (not SEIZSd by any other transaction), it 
comes to tho platform, picks up the rails and takes 
them to tho destination-pit (Z?'‘6), GATE block has boon 
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used to tost tJio conclitj on '.liotlior tho nit is full or 
not# Ulion a ]}±t is full, tho value of naranotor P12 
tolls uhicli crane is rocrLiirod to close tho nit by 
cover. The soiflo crane is roqujrod to open up the pit 
after 6-^ hours to T-g- hours. After oponin^ of tho pit, the 
clock tiiao is ADVMCSd by half an hour, on an average, 
during i/hich tho rails are loft in tho open pits* 

For each transaction, the test report is genera- 
ted and stored in paroaiotor PIO to find uliothor the 
rails arc acceptable or not. According to tho past data., 
on an average, 90^ of tho rails are found to bo accep- 
table, Same information has boon utilized in this uork 
to decide their de stina.tion. If the rails arc found to 
bo acceptable, they are destined '^or the transfer-beds, 
Othori'/ico, the transaction-paicametor P7 is ASSIGkod: a 
value to indicate the position uhero IC^ ro.ioctcd rails 
are to bo unloaded. 

In crane 1 area (■’-'.araiiiotcr P12 = 100), if for 
a transaction, paramo tor P3-0 equals 0 i*o, the ro;1cctod 
raj.ls, tho n resent pos 3 .tion of the c''’a.no 1 is updated 
by moving the crane to the calling pit. Clock time is 
accordingly ADVAlTCSd by movoiiiont tJ.Dio a.iid loQ.di.ng tmo* 
Thon the SA"/13VilLUE Xlll is made equal to tho position of 
platform by moving tho crane 1 to tho platform 

whore it drops the rails. Tho so rails either SEIZE the 
crane 2 imaediately (if free) or join the QUEUE 3, 



Crane 2 takes those rails to the scrapyard-soction 
given by parameter P7, 

In crane 1 area (parameter P12 = 100), if for 
a transaction, parameter PIO equals l(i,e, the accepted 
rails), tho present position of cro.no 1 is updated by 
bringing the cro.no to the calling pit. The position 
of transfer-beds is compared with tho platform location 
to decide which crano/s is essential for completing the 
move. If transfer-beds fa.ll before tho platform (SJi'S), 
crane 1 can take tho rails to the transfer-beds. 

Otherwise cra.no 2 is also roaxiirod to move tho material 
from tho platform to tho transfer-beds. If crane 1 is 
not free at the time when tho rails are ready to bo 
served after cooling in tho pits, tho rails join QIIEUB 5. 
As soon as tho rails roach transfer-beds or scrapyard, 
tho transaction is TSRilllTATEd i.e. tho rails go out of 
tho system. 

Similarly in crane 2 area (parameter P12 = 200), 
if for a transaction, parameter PIO equals 3(i,o, rejected 
rails), that transaction is moved to sc'rapyard by moans 
of crane 2, If parameter PIO equals 2 (i.e, accepted 
rails), tho rails arc destined for the transfer-bod. 

Tho pos.ition of transfor-bods is compared with tho 
platform location* If transfor-bods lie within tho 
range of crane 2, tho rails are delivered to the transfer- 
beds by crane 2 only, Othor^irisc crane 2 drops tho rails 
at platform and crane 1 is SUlZEd to deliver thorn to tho 
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transfor-lDcds, A flow diagram for tho GPSS model of 
this policy is given in Fig* 4* Tho transactions arc 
TJURHITTATlld as soon as tlioy roach trarsfor-hods or 
tho scrapyard* 

POLICY B j In tho GPSS raodol for this policy, at any 
instant suhroutinos and find the diroctions 

of movement of crano 1 and crane 2 respectively* These 
diroctions are stored in SA'VLV.iTTYs X113 and Z213. In 
this model, both tho cranes are allowed to move in tho 
whole bay, NFRIS is a subroutine which has been struc- 
tured by using a number of TBST blocks, GATH blocks, 
logic Switches and arithmetic variables, Tho subroutine 
NFRHH decides which crano is to bo pre-empted and which 
one is to be moved at tho time of conflict. During tho 
simulation run, whenever the cranes move towards each 
other, this subroutine NFHHE chocks for the possibility 
of intercrane interference. When tho difference between 
the present positions of both tho cranes becomes equal 
to or loss than 6*2 metres, the conflict occurs* ITFROE 
then checks for tho status of the cranes (free or loaded) 
and decides about the movement of cranes* A logical 
flow diagram for tho GPSS model of this policy is given 
in Figures 5 and 6, 
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Figure 4 i Flou Diagroti for Policy 1 
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If one srano 5s •f'roc anr] other loaded (Logic 
Switches 111 and 211 arij in o-nnocito states - one SIT, 
the other RlSlT) at tho i'.i.'UJ of conflict, the free 
crano’ s rrosont nor.ition ;ls nal-ntaincd airl tho loaded 
crano’ s prosent position 5.c upd'itoc’, howevo'!?, to 
colloct the statistics of FPllMPTod crane, the free 
crane is RTLllSld and a fictitious F.-CJLITY is SElZSd 
by tho soiiio transaction which is riovoi alOi>; with the 
loaded crane. This fictitJ.ous F-:lCI 1ITY is rCLE— SEd 
and the PBEEMPTod crane is RE^h'RlTod to operation when 


tho loaded crane moves past the l.ntorforejicc position 
after delivcrinr tho load at the t^cstl nation. 

If both tho Logic S''oitchos 111 anrl 211 are 
at SET status at the t.imc of conflict, tiiis loans that 
both tho cranes are loaded. Tho prcrrarixio finds out 
the distance of both tiio cranes from tPojr a spoctive 
destinations using .indirect addrissia- of StPGVliTTEs. 

Tho crane .!’>oC'-ror to 5.ts dost.lnation .is a.'Vod md the 
other crane’s novoraent .ls PPEEMPTod, ..s Liontionod above, 
to colloct tho statistics of the PREEEPTcd crane, a 
fictitious FICILITI is GEIZEd. Tho operation of the 
fictitious F.ICILITY is tho sarae as csrplainod earlier. 


Tho transactions are TER'llTTlTEd as and when tho^^ 
roach either transfer-bods or scrapyard. TlEtJLlTE blocks 
have been inputted .just bo fore tho TERMIFITE blocks to 
give the statistics regarding tho stay of tho transac- 


tions in the system. 
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Figure 5 : Floif Diagram for Policies B and G 
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u 
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the destination ' pic].:s up the rails and 
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*Flot*r diagrams of subroutines called .In arc given separately. 

Figure 6 (continued) 
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Fif^uro 7 : Continuation of Figure 5 for Policy C. 
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If both the Lo.^jr 3-'.r;tcbGs IJ.I anr?. 211 are at 
SIT statue p-t the tiJio of confl'ct, tits ucans that 
both t ie crares aro loaded, ■f’liids out 

the d.i stance of liotli the crr.nos ’"roi.; ■'■he tr respecti've 
de sttnatlons using indirect ac’-'^’o sslrn. 3...yiV-.JjTjEs. 

The crane nearer to its do st’inatj on 1s lOved and the 
other crane’s movement is miEIiPTed, As mentioned above, 
to collect the statj.si;ics of the PhEEirTed crane, a 
fictitious PACILITY is SEI2Sd. The or^oration of the 
fictitious T'AGILJTli is the' same as crpi-ained eo-rlier. 

The transacti.ons .aro TEIlI]::ATEd as and uhen ■they 
reach mithcr transfor-bods or scra.pya.rd.- Ti\BIJLATB blochs 
have boon .inputted just bc'forc tho TSPhri-TE blochs to 
give the statist'ics regarding tlx? sta;/ of the ■i'.ransac- 
tions In the system. 


POLICY C s Tho only difforcnco .In C;?S-S models of 


policy B and policy G ,1s ‘Lh.o c1ia'*,cc i ' ■bho logic of 
subroutine HFBBB which decides tlio way c" using the 
cranes (ore loaded,- tho other free) at •'■.ho time of 
conflict. If ono of tho Logic Switch.os 111 and 211 


is in SET status and tho other ono .in ''SSET status, the 
stc^s mentioned in section 2.7 aro cafrl-cd out. These 
comnutations involve use of aritiirnotic variables and 
indirect addressing of destinations and prosont positions 
of the cranes. Depending upon tho dGcisie£L,__cithGr 

I'R 

Acc. No. A 29397 


loaded craiio drops the rails and free era: 
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tc 

era 

One 

t.0 


ta]:o tliosc ra5_l 
:'io Is PTIi^IIPTod 


to the (.lostinati on or tho free 
alloirj.nc too loc.Isd cran? to r.iovo. 


rictitious FACILITY Is introdi- eo-e 
colloct tbo statistics of tlio o 


for "^acji crane 
TTod crone in 


saiiio ■''■'ay as discussod provions?..y» 

If totli t]io cranos are free ard a call occurs 
for the crane j tho subroutino FCEAIT finds out erhicli 
crane is iioaj.’or to the caller, Tho crane nearer to tho 
caller :ls SFISFd to ontcrto.ln that call. 


3,3 Design of S.imulation Puns 

When s.imilation is used as a tool to solve a 
problGiii, tlio cinswers are not unique, Th.is is because 
in siraulation, experiments arc conducted using random 


numbers. Tho random numbers gonoratod by tho digital 
computers arc not truly random in character. On the 


contrary they are pseudo-random numbers and depend on 
the initial value of tho seed solectod to start tho 
generation of random numbors. In order to nullify the 
effect of the selection of initial value of tho sood 
on tho generated solution, it is nocossary to have a 
mmiber of simulation runs using different initial sood 


values* 

Another very important doci.sion in simulation 
studios is tho decision regarding tlio length of tho lun. 
A lov value for the duration of simulation: run may give 
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very orronooiis results* Though tho accuracy of the 
results increases as tho length of tho simulation run 
increases hut at the cost of high computational effort* 
In order to ''o in a position to have the desired 
accuracy in the results, it is necessary to statisti- 
cally justify tho selection of the duration of simula- 
tion run. 

Also tho successive simulation runs possess 
some degree of mutual correlation duo to the fact that 
the starting conditions of each run are tho finishing 
conditions of tho previous run. This correlation can 
often ho virtually eliminated hy making use of natural 
neriods present in tho system being simulated, 

Tho present system under study has tho natural 
periods as tho length of one rolling programme. After 
each rolling compaign of rails, there occurs rolling 
of stinicturals and/or squares. During this time both 
tho cranes keep operating thereby clearing all the 
rails queued tip in various QUEUE s by tho tine next 
rolling compaign of rails starts. Thus, tho initial 
conditions for tho successive period are same as tho 
initial conditions of this period,- Tho correlation 
bottf/Gon two successive runs has boon' eliminated by 
making use of these natural periods which arc present 
in tho system being simulated* It is, therefore, 
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reasonable to conoirlcr that th . total lon.atb of 
sinmlatioii job can ’•■'O bro''"'^n nn into a G 3 t. of runs, 
tlio results ■'■'roin which car be ta’ren as Inuepcndont 
values sanpli.'d frou sor;o unknovni uarect uoriilation. 

The cliolcc- of a sat.1 sfacto j'’y nuribcr of runs to 
bo si.iiul.'itvKl is based on statistlccJ. notliods of saraplo 
sire 0 st.l; [ai;lon, Tlio procedure for tho dotoiuii nation 
of tlii.G nunbor .Is discussed in followirs po.ragraphs. For 
co'ipl(.'to details of tho procoduro, the reader 'nay refer 


to thv': roforonce 


3 [ 4 ], 


(i.) Considoring tho tolerable saiapling error, a confi- 
dence c'^offi.ciont C is specified for tho results to bo 
in cc'nfi.donco interval I. T:\o relationship botwoon C 
cand J i,.s as follows (refer Figuro S), 


P rob • 






= C 


wlioro, If is sample moan 

and IT is the moan of samplo moans and is an ostimator 
of population moan* 


(ii) 11 nimibor of ru.ns are t-akon and tlvj values of 
iitilization (one from each mm) aro noted down. 
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(iii) Sample 
the following 

s = j 


standard deviation 

Xq rmula i 

I tj 2 ( U)^ 

I .I- I 

M-1 


s‘ is calculated from 


(iv) The nutiilcor of runs IT required is calculated using 
the following relationships ; 


IT 


p 

4 X J z s 
9j!i 


l2 


where is the t-valuo from student's t- distribu- 

tion for confidence level of C and V degrees of freedom, 
rforo 1 is equal to M-l, 

(v) If N ^ M, then N-M more simulation runs are 
tal'en, otIiorJiso H runs already taken are adequate. 

In the present simulation- study, the number of 
runs M has been chosen as 8, To have 95% confidence in 
the; a,vorage utilization values to be in a confidence 
interval of ,02 (+ ,01), actual number of runs N required 
is calculated as below : 

M = 8 

h* = M-l 


t 


U 




8-1 


^ 95,7 " 




0,8627 = 
0,001355 


iEl 


8 


t-values from student’s t-distribution for certain 
values of r and 0 are given in Appendix S, 
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N 


4 X (2.36) X (.001355) 

(. 02)2 


= 10,2 11 

IT -I I = 11-8 = 3 

Tlioi ' foro j 0 jiorc i-niiis liavo been talren. Mean 
value have loon calculated from thoce 11 values of 
avo'^ago u.tilT zatj.on of cranes. For a 95 % confidence, 
it can to said that the population mean uould lie 
■^•Mthi.n + ,01 interval from the value ostiniatod uith 
the help of 11 simulation mns. 


3,d Comments on Simulation TJ sing GPSS III 

The prime consideration for tlio devolopmont of 
a sinulation model .is to restrict the size of the 
model so tlat the memory roquirciaents are not greater 
than the memory available on the computer. Therefore, 
it is al^^ays better not to start vpitli too many details. 
Rather, the details should ho added later as the problem 
bcconos Trotter d-'finod. On the IBM 7044 s 7 /steiii, the 
memory available for GPSS III is 18,65IC, Moreover, in 
GPSS III, at the most 750 transactions can bo handled 
at a time. The size of the present system under study 
j.s such that i:^ one piece of rail is represented by a 
transaction in tho model, thi. s limit of 750 transactions 
is cxcoodcd. Therefore, it was necessary to scale do¥n 
the model by representing 10 ro.ils by 1 i.ransaction. 



no 

Oo 


This sc-J.lng factor of 3_0 has hoon scloctod bocauso 

% 

the ovorhoad cranes bavo a ca-nacity to haiidlo a maximum 
of 10 rails. TCvon aftor tlio scaling down, iURROH RH 68 
was occurlnr which road TPll-SACTIOlT SPA Cl EZCllDlD. 

To avoid th.1 ,s IRROR, oii3.y those tro,nsactions aro hopt 
alive which arc css:ntial. 

vIIii lo dove losing the model, a very pcculia.r 


error mac oncountcrod. The' cr'eor road’ 

IHROH HR 0 23575 

TRiiH3...A.,,B CLOCK.. «THRI’IIII1TI0HS TO GO... 

This error numhor is not listed oven in the GPSS III 
User’s ila.nual of IBM. An attempt was nado to intor- 
prot this error but so far it es not possible to putforth 
any conclusive explanation. 


During the dovolopmcnt of the simulation modol, 
the following approaclios if ere usad to dObug tho modol, 

(i) Tho simulation run is frozen at a particular 

prefixed time to dotu'rmino idiy a particul.ar tra,ns- 


actj.oii is ifhoro it is? 


(ii) Sach class of item is followed through the logic of 
tho modol. This is achieved by using TRidCB and 
TKITILICH blocks. 

(iii) Tho soquoncG of all tho blocks that produce an 
action is storod. This helps in providing a 
catalog of actions in tho modol. Those actions 
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arc grouped according to their type. For various 
actions, the paramoters aro djroctl.jr ASSIGFod 
dn.fforent values. This technique is of considerable 
utility because it liolus .1n hoeping a concise 
record of the coiiplcic and longtliy no del. 



CILIPTEH IV 


MS i5._T S Jd^Jl DIS CUSS IONS 

At the completion of each sjjiiiilation run, 
various statj.stical reports are printer]. Those reports 
indicate the node!' s reaction to the Liaterj.al handling 
policies and the soj.ectod. values for the storage loca- 
tions, the speed of cranes and other para;ieters. These 
reports contain inforaatioii about tlie QUEUE lengths, 
raascimim contents of QlTEUEs, FACILITY utilization, 
average handling tirae and other pertinent statistics*. 

The effects of various parameters and raaterial 
handling policies on the utilization of cranes are given 
in Tables I through VIII. In the follouing paragraphs 
th.c results o.ro anai.ysed and di.ncussed to determine the 
best policy for using the cranes and tlio best layout 
of facilities. 

4.1 Effect of Policy A on Crane Uti.lization 

Table I shows tho utilization of the cranes 
and tho maxjr.ium contents of QIIEins for Policy A, The 
results tabulated in this table are based on a crane 
speed of 2.6 metres/second for both the cranes and a ■ 
cooling tirae of 1320 seconds at the cooling bods. The 
utilization of crane 1 is of the order of 8C^ while 
tho lowest value of the utilization of crane 2 is 27^, 







































Considering 5280 rails leaving the system, the highest 
value of the sinulated clock time is 167892 seconds. 

For the selected length of simulation run, 
the percentage utilization of cranes improves as the 
simulat3.on progresses in time hut its value goes doxm 
hetueen the production of rails termination and restart. 
The decrease in the percentage utilization during the 
termination and the restart of the production of rails 
occurs due to the fact that for sometime during this 
period the cranes are idle* 

4,2 Effect of Policies B and C on Cranes Utilization 
The results of Policies B and C are tabulated 
'in Tables II and III, In these policies the average 
utilization of the cranes is found to be about 25 % 
resulting in ai; uneconomical use of the cranes. There 
are tuo possible reasons for the low utilization of the 
cranes in these policies. Either the crane remains 
idle for quite some tjiae duo to the non-availability 
of the rails or the cranes pass a cojisidorable period 
of time vhon blocked. In case tho cranes are bloclced, 
the rails which arc moved by oquipmonts other than tho 
cranes got queued up. Also as tho tjmo elapses, tho 
rails after completion of cooling timo at various beds, 
pits Join the QUEUEs, These QUEUBs, in turn, fill up 
tho place required for the storage of rails and thus 
tho rails cannot bo transferred to those storages* 
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TIio Tables II anc' III dopict that ilae maximiiiii 
contents in t'lO '.jUDTTS 5 after cooljng of rails in the 
pits is of the ordor of 2300, This jndicatos that 
thosG ;.iany rails hoop on occupying the pits till they 
arc- taken out by the cranes. Therefore, the rails 
from the cooling bed-s aj.so cannot bo -i-.raiisf erred to 
those pits as overloading of pits is not allowed. The 
material handling rate Is calculated by noting the 
simulated clock timo taken for the handling of 52S0 
rails. Tho minimum value of tlio cloclt timo observed 
in Policies B and C are 171806 seconds and 174086 
socond-s respectively. 

As per the current uract.1cc, QTOUE 5 is 
ma,inta3.nGd 3n tho scrapyard a.nd oven the rails which arc 
accoutable arc taken to the scrapyard, Tho acceptable 
rails are brought from scrapyard to the transfer-bods 
when cranes have tnmo to handle tho so rails. This 
handling of rails accounts for an unnecessary usage of 
tho cranes. This is probably the reason for tho cranos 
to bo busy for most of tho time under tho pro sent policy 
for using t’lo craxucs. Tho same reasoning ca.n be gj ven 
for low uti.lization of tho cranos in Policy C bocauso 
Policy C is quite identical to tho present policy* 

4,3 Comparison of Cranos Utilization Under Various Policies 
The overall utilization of cranos is higher for 
Policy A than Policies B and G, Tlio rate of handling 



rails Is for Po.l3cy A in 3omrar.'’son to 

Poliotcs B and C. 

In cCiiparison to policy Pj tho Policy C 
a hiphor rate for t]io lic.ndling of rrd.ls* Utiliz 
of t’.io cranes is noro for Policj’" C as canparod t 
Policy?' B, The intor-crano intcrforonco is found 
less In Policy G. TMs moans that for .aost of i 
times, the intorforonce occurs hotirocn a loafed 
and an unloaded cj'^ane* Mcrcovor, in Policy C, t] 
transference of load from the loaded crane to th( 
unloaded crane is permitted if tlio loaded crane 
rolatj.voly far away from its destination (refer i 
2.7.3). 


4,4 Bffoct of Shifti-ng the Transfer-Bods on tlio 
Under Various Policies 

T.'io following inference s a??o drawn from 
results pr.isontod in TabDo I for Policy A, The : 
refer to tlic sntuai'.ion ificn the position of tran 
bods is sliid'tod towards tlio hJost., 

(i) Tlio utilj.zation of both the cranes dooroaso 

(ii) The rate of handling rails incroasos, 

(iii) Tho maximum contents in 'JIETjjG 2 (results fri 
cooling at the cooling bods) incroasos, 

(iv) The maximum contents in QTJKUtl 3 (at the pla 
decreases. 
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3^a.ils .is hx-liov for Policy A in co.m_rar.lson io 
Policies B and C. 

In cennarison to policy P, tho Policy C gives 
a hiehor rate for tiic hccndling 03 !“ rails. Utll.^zation 
of the cranes is more for Policy C as comrarod to 
Policy .B. The intor-crano .IntorforGnco is found to be 
loss in Policy C» This moans a.hat fo r.aost of the 
times, tho intorforonce ocenrs betnocn a loaded crane 
and an unloa.dod cj’ano, hi'croovcr, in Policy C, tho 
transferoiicG of load from tho loaded crane to the 
unloaded crane remitted if the loaded crane is 

relatively far av/ay from its destination (refer section 
2.7.3). 


A A 


-Bffoct of Sniftlnc: tlio Transfer-Beds on tho System 
Indor Var.ioTis Polic.ios 

ThiO follo^'ning .rnforoncos ai*c drae/n jhrom the 
results pr,‘ sente d .in TaWo I for Policy A. The rosu..lts 
refer to the o.ttua!-.lon vhen the position of traiisfer- 
"beds is shiiftod toa^^ards tho Host., 

(i) The utilizatn-on of both the cranes decrease s. 

(ii) Tho rate or Io.andl.ing rails increases, 

(iii) Tho maximum contents In 'IJEWZ 2 (re stilts from tho 
cooling at til's cooling bods) .increases, 

(iv) The maximum contents in QUBITT; 3 (at the platform) 
decreases. 
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(v) Tho fiiaximiin contents in Qt^SUE 5 (after cooling in 
the pits) increases. 

In Policy B, no cuoprociablo change in tho 
average utilization of tho cranes is found T,;ith tho 
s]iift in tho transfer-hods. Houevor, tho inter-crano 
interference j.ncroasos as tho transfer-heds aro shifted 
toirards the host. A decrease in tho value of Taajririmm 
contents in QUEUE 2 is oh served i7hi.le aaximum contents 
in QUEIIE 5 ronains somewhat constant as the location of 
the transfer-hods is shifted towards the llGst. 

In Policy Cj as the transfor-hods are shifted 
towards tho Uest, tho rate of handling rails decreases 
and the utilisation of both tlio cranos also docroasos. 

It i.s not possible to draw any conclrisivo inforoncos 
regarding the behaviour of QUEUE contents* 

Considering tho offoctive utilization of tho 
cranes and tho rate of handling tho rails, Policy A is 
hotter tha.n Pollcios B and C. Tho drawba.c]:; with tho 
Policy A j.s that tho naxjjrruui centonts of QUEUE 2 is 
very largo. To ?ooop tho various queues in limit, various 
Gxporiraents have boon porformod on this policy, TIio 
results of these oxperiiiisnts aro discussed in tho 
following soctions. 
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4,5 Effect of Shifting the Platfom in Policy A 

''Aion the transfor-hods arc locatocl at 190,000mm, 
and 206,000 mr.i, frou tho wostorn odgo of first cooling 
hod (rofor Appondii^ A) o.nd tho position of tho platform 
is shifted in stops of ono pit length frou 190,000 nmi, 
to 126,000 mm, ( Table l), tho follovring results are 
obtained : 

(a) Following aro tho inforoncos on maximum queue 
contents noted for a period of ono rolling 
prograimno ~ 

i) The naxijiium contents of ‘|JEUS 2 decreases 
from 2830 rails to 530 rails, 

ii) Tho niaximm contents of QUEUE 3 increases from 
10 rails to 620 rails, 

iii) Thoro is an increase in naximum contents of 
QUEUE 5 also from 120 rails to 480 rails* 

(b) Tho inforonces on utilization of tho cra,nGs for 
handling an output of 5280 rails aro as follows - 

i) Tho avorago utilization of crane 1 decreases 

slightly from ,8959 to ,8452, 

ii) The average utilization of crano 2 increases 
from .2696 to .7201. 

iii) Tho rate of lia,ndlinc of tho rails becomes 

faster. This is indie a.tod by a decrease in the 
clock time from 167892 seconds to 127252 seconds. 
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Sniiiilar inforoncGS result from tiio G:r"'or.1.mGnts 
contluctod by locating tlio traiisfor-bods at difforcnt 
positiciis and sliifting the plc.tforii in stops of ono 
pit longtli for each Gxporii.icnt« For a fired position 
of transfor-tods , a.s the platform is shifted towards 
the vlost, the area for novomont of crouno 1 roducos 
whilo the area for movoaont of crano 2 incroasos* More 
and more nmihor of rails having tlioi}? destination in 
crane 2 region engage both the cranes for their transfer 
from the cooling hods to tho cooling pits hy making 
use of the platform in-hot\''oen. 


4*6 Effect of Speed of Cranes in Policy 2 . 

Tho results obtained by varying the speed of 
the cranes as well as the position of the rlatforci for 
tho Gristing positions of the transfer-bods (190,000 mm', 
and 206,000 ixi.) arc given in Table ,s TV through VIII* 

The location of tho platform is varied in stons of one 
pit length. For each location of tho platfom, tho 
spood of tho crano s is varied in stops of 0,1 raotros/ 
second from 2,6 motros/sccond to 3,0 laotros/socond. 

Those alternative spools of tho cranes have boon orpori— 
montod with an idea of controlling tho out of Idmit 
QUEUE contents, 

Tho follow.lJig effects aro obsorvod whon tho 
spood of crano 2 is kept constant at 2,6 notros/socond 
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and tho spood of crano 1 is ingroasod from 2,6 metros/ 
second to 3,0 metres/ second with the platform located 
at 190,000 mm, (refer Table IV), 

(a) Folloi7ing are tho inferences on maximum queue 
contents observed over a. period of one rolling 
programme - 

i) The maximum contents of QUBUIu 2 decreases from 
3920 rails to 30 rails. 

ii) Tho maximum contents of QlTSUTiJ 3 increases from 
10 rails to 420 rails, 

iii) The maximum contents of OaEUS 5 also increases 
from 240 rails to 600 rails, 

(b) Tho inferences on utilization of crcaios for handling 
an output of 5280 rails are as follows ~ 

i) The utilizs,tion of crano 1 reduces from ,8959 
to ,8675, 

ii) Tho utilization of crano 2 increases from ,2696 
to ,3309. 

iii) Tho rate of handling of tho rails becomes 

faster as indicated by a decrease in clock time 
from 167892 seconds to 141783 seconds. 

Tho follovjing info rone os are draim from the 
results obtained when the spood of crane 1 is kept 
constant and tho spood of crajio 2 is increased in stops 
of 0,1 metros/ second from 2,6 motros/socond to 3,0 metres/ 
second. The results are given in Table IV, 
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(a) Tlio iJiforoiiaGs on raa:c.1nnai cfacuc contents obsorvecl 
over one roll.ing proaraumo arc given oQlo\r - 

i) Tho iianjiroiii erntente cf 2 incroasos 

slightly fron CO rc.il s to 40 rails, 

ii) The naxinuia contents of nipiitTp, 3 ro duces from 
420 rails to 10 I’ails, 

iii) The niaxjmum contents of (yidUC 5 roducos fron 
600 rails to 240 rails, 

(b) Folloi/ing arc the inforoncos on utilisation of the 
cra.ncs for handling an output of 5280 rails - 

i) The u.til j.aation of crane 1 roducos fron .8675 
to ,8562* 

ii) Tho utilization of crane 2 ijicroasos from ,3309 
to ,3236, 

iii) Tho rate of handling of tho rails incroasos 
a,s shoun by a cocroaso in clock tdxic from 
141783 SGconds to 139006 seconds, 

A look into tho tables from V to VIII indicates 
that similar inforoncos on the utilization of cranes and 
various quouo contents result uhon the platform location 
is changed. 

For all tho cases, it is infer rod that for a 
constant speed cf crane 2, tho utilization of crane 1 
decreases as tho spoot^ of crane 1 is increased. However, 
the decrease in tho utilization of crane 1 is far less 
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than the increase nji the ntilisation of crane 2. 

Further, an increase in rierriraira contents of tuEUF 3 
a.nd wiSTJS 5 is observed ninile the naximum contents of 
QUIiTE 2 decreases* 

'.Ihen the speed of craiae 2 is increased keeping 
the speed of crane 1 fixed, it is found that the utili- 
zation of both the cranes decreases^ It is observed 
that the inaxijiiuri cod tents of ^TrUfF 2 increases wlijle 
tlie r.iaxinru'n contents of QUFTJ'E 3 and QUEUE 5 decreases. 

The rate of handling of the rails goes on improving 
as the speed of either one of the cranes is increased. 

4*7 Concluding Remarks 

For Sin output of 5280 rails, at present the 
cranes are busy in handling those rails for about 45 
hours. The results based on this study indicate that 
for the same output iiio cranes need to bo busy only for 
about 39 hours if fol.l owing recommendations are implora anted: 

(a) The cranes should bo operated according to Policy A 
in oid.er to achieve higher utilization cf both the 
cranes and a faster rate of handling of the rails* 

(b) The platform introduced should bo bet^/oon the transfer- 
bed and the cooling pit numbered 38 (refer Appendix A), 

i,e. at a distance of 190,000 mm. f rom t he western edge 
of the first cooling bod. 
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(c) Tho spGGc'’. of both tho oranos should bo 
to 3,0 no tros/ second i*G, IGO notros/minuito 


Inc roasod 


Tills 16 > 


incroaso in tho snood of both the cranes nnsu.ros tho 


inax.lmiM contents of tho qiioiios to bo vn'.tl'iln th-.- spoci- 
f.1od Ijjiiits* Tho present la:'ou.t of tho hail and 


Structural M,lll restricts tho .or’ so of tho qucuo ■'^or tho 
rails to 10 for :;:IJT3T3 1, 90 for qr 0 .n 2 and 600 for 

5, Tho platfom introduce cl is assuned to havo a 
capaciti^ for 20 rails only. 


There irould bo a saving of 6 hours for rolling 
5280 rails if the abovo montlonod suggostloiis aro ImplO" 
mentod. This saving will bo much more when tho full 
rolling programino i.s considorod and still raoro if tho 
production of rails is considorod ovvor a period of one 


Had thiO syston boon dos.ignod from cerate -ly 
thoro U'-ould h.a.vo boon a, lot of flo^ribility in the soloc- 
tion of design varialDlos and th,is iiiglr’". have rosultod in 
Still bettor utilization of the cranes and highor rate 
for hrndling of tho rails. 

Dug to tho eristonco of a ruji.'iing syciitam, no 
change in tho layout has boon siiggostod as thoro would bo 
a very high cost associated with tho disruption of layout, 
Tho time taken to j.nstal any modification is inij^ortant 
because during that timo tho production of rails will 
have to bo coinplotoly shut dovm. 
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J,MPL7IBHT.. 7I0I 'T OF RI!3UTiTS AIT) SCOPli 
FOR KTRTIIRR RRSFARCii 


5.1 Acceptance and luplonentata on of the Results 

From the systeiii designer's viewpoint, nothing 
is ever perfect, Siuiilation, lihe any new technique, 
can he expected to have drawhaciis. The najor diffi- 
culty with the use of s.inulati.on is to get the customer 
to have confi '^ence in the sijnulation. This means 
confidence in the model, the data, the rules and. the 
results. In case, the customer does not develop the 
model himself, then the modeler may find it difficult 
to comprehend atid state the prohlem exrlicitly. For 
a si.mulation stud;:" to ho a success, it is necessary 
that both the groups - one uroblom oriented and the 
other siraulation oriented - must col lalio rate. 

In order to have bettor acceptance and irnple- 
mentability of the results of a stul;?-, the customer has 
to be satisfied throughout the system design process* 

The model should very i.^ell docuno’it the nroblom and 
should bo cheched by the custoiii'^r during its development. 
This procedure will give c. bother feel to the customer 
also what is going on. More nmportant, it will provide 
feedbaclc to the modeler that the problem being modelled 
is the problem that should be solved. The difficulties 
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increase when the custoucr loaves the raodel and the 
modeler alone for long periods. List of assumetions 
should also he stated, ro viewed with the customer and 
then should he updated accordir.gl3'-* The interim results 
must be dj scu.ssed irith the customer to re-ostlmate the 
model ^s veracitj'" and ipertinencc of its abstractions. 

The customer can male a noaningful contribution when 
the model is still fluid, before the design specifica- 
tions are fi rm. 

The customer can more rcadil3'- accept the 
results from the simulation when ho has been a part 
of its development and has been ashed to interpret 
the results rather than approve some final results. 

For the present wor]c, it has not boon possible 
for the author to heop the customer (the luanagement of 
Bhilai Stool Plant) aware of the rrogress of simulation 
results from time to time. This happened prlnarily 
because the author is at Kanpur and the customer is at 
Bhilai, Only the final results siigge sting a policy 
for using the cranes for an improvement in their utility 
are being sent to the nanarenont of Bhilai Stool Plant 
for approval. 
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5*2 Numerically Controlled Rails Handling 

The author thinjcs that the novoricnts of "both 
tho cranes can he cent rolled and automised using a 
computer having tho developed GPSS package* ' The 
conceptualized numerically controlled rails handling 
system would work in tho folloiring fashion* 

Tho layout of the mill, various stopping 
positions of the cranes, arrival time of rails at tho 
transfer-bods, the cooling time required at various 
service stations, tho maximum contents allowed in various 
queues and tho speeds of tho crane-bridges as well as 
of tho cabs and hooks aro given as tho inputs to tho 
computer. Various priority rules con be specified before 
the system is put into operation* 

One can use photoelectric cells to count the 
rails o.t various stations* The computer would maintain 
a list of rails wa.iting for service dm different queues 
along with the destination of those rails* According 
to the priority rules and service discipline tho rails 
movement would bo mate rial .1 zed and controlled using 
tho computer. At vard.ous chocic-points, a warning boll 
would indicate if the queue goes beyond a pre specified 
value of tho maximum contents in that queue* 

Tho thermostats can bo used to actuate the 
sensing switches to bring about tho required move if the 
temperature of rails goes below a certain point, Tho 
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loading and unloading of the cranes can Ic controlled 
using sono electrical circuits actuated 13^ the contact 
of nagnetic hook and. the rails. In this h3rpotlietical 
ssrsteni, the pit covers would ho of the sliding 13030 
as are used .in the case of soaking-pit s. This would 
avoid unnecessaril3r engaging the cranes .for closing 
and opening of the pits. 

It is envisaged tha.t the nunierically controlled 
handlj.ng of the rails wou.ld improve the productivity 
of the mill, 

5,3 Scope for Hirthor ho search 

For this study, it is assumed that the system 
is indo]''ondont of its onv.ironinont. In reality the various 
components of the s^octom interact with the environinont 
and also intor-rcact, Thoroforo, it would he ricsirahle 
to study the overall production s3.^sto:-i of Bhilai Stool 
Plant v/ith Rail aad Structural ilill as one of the 
components of tho s3?'stom. 

In tho present work, tho hot-hour production is 
taken to he 5 to 7 hours during a shi:^t, Tho actual 
frequency of tho non-rolling ti.mo '■’'uring a shift needs 
to he studied. This infoimiation can ho inputted to tho 
developed GPSS model as a functj.on co]itroll.lng tho 
production of rails. It would ho worthwhile to stud3r 
tho reaction of this function on the aodol. 
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Tho model can very easily le modified for 
three or four cranes worhing on tho same traeJes^ For 
an increase in tho production of rails in future, tho 
same model can he used to decide tho number of cooling 
bods, cooling pits, and cranes. Tho various capacities 
of those fa.cilitios, the speeds of tho cranes and other 
pertinent information can be obtained from tho same 
model irith voig'" little modifications. 
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